In The Following Diagram, PQRS Is A Square
Of Sides 21 Cm. PTS And QTR Are Two
Semicircles Touching Each

Understanding the Geometric Configuration: PQRS and
Its Semicircles

In The Following Diagram, PQRS Is A Square Of Sides 21 Cm. PTS And QTR Are Two
Semicircles Touching Each. This statement introduces a fascinating geometric setup involving a
square and two semicircles. The square PQRS, with each side measuring 21 centimeters, forms the
central figure around which the semicircles are constructed. The semicircles, named PTS and QTR,
are positioned such that they touch each other, creating an interesting composite shape. In this
article, we will analyze the properties of this figure, explore the relationships between its elements,
and solve related geometric problems.

Properties of the Square PQRS

Dimensions and Basic Attributes

- Side Length: Each side of the square PQRS measures 21 cm.
- Perimeter: The total perimeter of the square is 4 x 21 = 84 cm.
- Area: The area of the square is 21 x 21 = 441 cm?.

Coordinate Placement

To facilitate calculations, assume a coordinate system:
- Point P at (0, 0)

- Point Q at (21, 0)

- Point R at (21, 21)

- Point S at (0, 21)

This setup allows precise placement of the semicircles and analysis of their properties.

Construction and Positioning of the Semicircles PTS
and QTR



Understanding the Semicircles

- Semicircle PTS: Draw on the side PS, with the diameter PS.
- Semicircle QTR: Draw on the side QR, with the diameter QR.

These semicircles are constructed such that:

- Their diameters are the sides of the square (PS and QR).

- They are semicircles lying outside the square or touching each other, depending on the
configuration.

Placement and Touching Conditions

- Semicircle PTS is drawn with diameter PS (from (0,0) to (0,21)).

- Semicircle QTR is drawn with diameter QR (from (21,0) to (21,21)).

- The two semicircles are positioned such that they touch each other, which could be either
externally or internally, depending on the configuration.

Analyzing the Semicircles: Radius and Equations

Calculating Radii

- Radius of PTS (r1): Half the length of PS =21 /2 =10.5 cm.
- Radius of QTR (r2): Half the length of QR =21 /2 = 10.5 cm.

Equations of the Semicircles

- Semicircle PTS: Center at (0, 10.5), radius 10.5, opening outward from PS.
- Semicircle QTR: Center at (21, 10.5), radius 10.5, opening outward from QR.

Depending on the configuration, the semicircles can be drawn as above, touching either externally
or internally.

Determining the Touching Point of the Semicircles

Case 1: Semicircles Touching Externally

- The centers are at (0, 10.5) and (21, 10.5).

- Distance between centers: 21 cm, which equals the sum of the radii (10.5 + 10.5 = 21 cm).

- Conclusion: The semicircles touch externally at exactly one point, which is along the line y = 10.5,
atx = 10.5.



Case 2: Semicircles Touching Internally

- If they are touching internally, the distance between centers would be the absolute difference of
the radii, which is zero if equal, or less than the sum.
- Given equal radii, they cannot touch internally unless they overlap or are aligned differently.

Calculating the Touching Point Coordinates

- For external touching:
- The point of contact lies on the line connecting the two centers.
- Coordinates of the touching point: (10.5, 10.5).

Area Calculations of the Semicircles and the Overall
Figure

Area of Each Semicircle

- Area of a full circle with radius 10.5 cm: 1 x (10.5)2.
- Area of one semicircle: (1/2) x m X (10.5)2.
- Numerical value: (1/2) x m x 110.25 = (1/2) x 3.1416 x 110.25 = 172.8 cm?.

Total Area of Both Semicircles

- Total semicircular area: 2 x 172.8 = 345.6 cm?.

Additional Geometric Properties and Insights

Exploring the Overlap or Intersection Area

- Since the semicircles touch externally, their intersection area is zero.
- If they overlapped, the intersection area could be calculated using circle segment formulas.

Implications for the Geometry of the Square

- The semicircles on sides PS and QR create a symmetrical pattern.
- The touching point defines a key feature for further geometric constructions, such as inscribed
angles or arcs.



Applications and Problem-Solving Techniques

Common Problems Involving Such Figures

- Calculating areas of complex shapes formed by combining squares and semicircles.
- Finding the length of common tangents.
- Determining angles formed at the point where semicircles touch.

Step-by-Step Approach to Solving Related Problems

1. Identify the known parameters: side lengths, radii, coordinates.

2. Draw a detailed diagram: labeling points, centers, and radii.

3. Apply geometric formulas: for areas, distances, angles.

4. Use coordinate geometry: to find exact positions and points of contact.
5. Verify the nature of the contact: external or internal.

Conclusion: Significance of the Geometric
Configuration

This configuration illustrates the interplay between basic geometric shapes—squares and
semicircles—and demonstrates how they can be combined to form complex figures with interesting
properties. Understanding the relationships between the elements, such as the touching points and
areas, enhances problem-solving skills in geometry. Such problems are not only theoretical exercises
but also practical applications in fields like engineering, architecture, and design.

Final Remarks and Summary

- The square PQRS with sides 21 cm provides a foundation for constructing semicircles on its sides.
- The semicircles PTS and QTR, with radii of 10.5 cm, touch each other externally at a precise point.
- Calculations involving radii, areas, and distances are straightforward with coordinate geometry.

- Recognizing the properties of the figure helps in solving more complex geometric problems.

By mastering these concepts, students and enthusiasts can deepen their understanding of geometric
shapes, their properties, and their applications in various real-world contexts.

Frequently Asked Questions

What is the length of each side of the square PQRS?

Each side of the square PQRS is 21 cm long.



What are the semicircles PTS and QTR touching in the
diagram?

The semicircles PTS and QTR are touching each other at a point where they intersect, likely along
the line connecting points T and R.

How are the semicircles PTS and QTR positioned relative to
the square PQRS?

The semicircle PTS is drawn on side PS, and the semicircle QTR is drawn on side QR of the square,
with their arcs facing outward or inward depending on the construction.

What is the radius of the semicircles PTS and QTR if they are
drawn on sides of length 21 cm?

The radius of each semicircle is half the length of the side on which they are drawn, so 10.5 cm.

Are the semicircles PTS and QTR congruent?

Yes, both semicircles are congruent if drawn on sides of equal length, which is 21 cm, resulting in
each having a radius of 10.5 cm.

What is the significance of the semicircles touching each
other in the diagram?

Their touching point indicates a common tangent or a specific geometric property related to the
arrangement of the semicircles around the square.

Can the diagram be used to find the area of the combined
shape formed by the square and semicircles?

Yes, by calculating the areas of the semicircles and the square, and considering their positions, one
can determine the total area of the combined shape.

What geometric concepts are involved in analyzing this
diagram?

The diagram involves concepts such as squares, semicircles, tangents, radii, and geometric
constructions involving circles and their properties.

Is the semicircle QTR drawn on side QR in the same
orientation as PTS?

This depends on the specific construction, but typically both semicircles are drawn with their
diameters along the sides of the square, facing outward or inward uniformly.



How can this diagram be used to solve problems related to
circle geometry?

By applying properties of semicircles, tangent lines, and the square's dimensions, one can solve for
unknown lengths, areas, or angles related to the configuration.

Additional Resources

In The Following Diagram, PQRS Is A Square Of Sides 21 Cm. PTS And QTR Are Two Semicircles
Touching Each — this intriguing geometric setup offers a rich ground for exploration, combining
basic shapes like squares and semicircles with the complex relationships between their sizes,
positions, and intersections. This article provides a detailed breakdown of the problem, step-by-step
analysis, and insights into solving such geometric configurations. Whether you're a student
preparing for competitive exams or a geometry enthusiast, this guide aims to clarify the concepts
involved and walk you through a comprehensive solution approach.

Introduction to the Problem

The problem presents a square PQRS with each side measuring 21 centimeters. Additionally, two
semicircles are constructed: one with diameter PTS and the other with diameter QTR, where T is a
point on the square or its extensions, and these semicircles are touching each other. The key points
to understand are:

- The geometric nature of the square and semicircles.

- The positioning of the semicircles relative to the square.

- The meaning of "touching each" (likely tangent or point of contact).

Understanding these components sets the foundation for the detailed analysis that follows.

Visualizing the Setup
The Square PQRS

- Vertices: P, Q, R, S.

- Sides: PQ, QR, RS, SP.
- Side length: 21 cm.

Visualizing the square helps in understanding where the semicircles are constructed:

- Usually, points P, Q, R, S are labeled in order.
- The side length is consistent throughout, forming a perfect square.

The Semicircles

- Semicircle with diameter PTS: P, T, and S are points that form the diameter.



- Semicircle with diameter QTR: Q, T, R form the second diameter.

Since PTS and QTR are diameters of respective semicircles, the points P, T, S, Q, R are crucial in
determining their positions.

Clarifying the Geometric Relationships
The Role of Point T

- T appears to be a common point that connects with points P, S, Q, and R.
- It likely lies inside or outside the square, or on its boundary, depending on the configuration.

Touching Semicircles

- The phrase "touching each" suggests the semicircles are tangent to each other.
- The tangent point is where the two semicircles meet, sharing exactly one point.

Possible Configurations

Given the description, there are two plausible arrangements:

1. Semicircles outside the square: Both semicircles are drawn outside, touching each other
externally.

2. Semicircles inside the square: Both semicircles are inside, possibly sharing the point T inside the

square.

Most standard geometry problems assume semicircles are constructed on the sides of the square or
on certain segments, with tangency points either inside or outside.

Step-by-Step Analytical Approach

Step 1: Establish Coordinates

To analyze the problem rigorously, assign coordinates to the square:

- Let’s place the square PQRS in the coordinate plane for convenience.
- Assume:

-Pat(0,0)

-Qat (21, 0)

-Rat (21, 21)

-Sat (0, 21)

This standard positioning simplifies calculations.

Step 2: Identify Point T

- T is a key point; the problem context suggests T may lie on side PS or SQ, or inside the square.



- Based on typical configurations, T could be on side PS (vertical line x=0), or on side RQ (x=21).

Assuming T is on side PS (x=0), since P and S are at (0,0) and (0,21), T could be at (0, t), where t is
between 0 and 21.

Alternatively, T could be on side RQ at (21, t).

The choice impacts the construction of the semicircles.
Step 3: Construct the Semicircles

- Semicircle with diameter PTS:

- Points: P(0,0), T(0, t), S(0,21).

- Diameter: P and S, with T somewhere on the side or interior.

- Semicircle with diameter QTR:
- Points: Q(21,0), T(0, t), R(21,21).

Given the typical configurations, a more consistent scenario is:

- T is a point on side PS or RQ, and the semicircles are drawn on diameters P S and Q R,
respectively, with T being a point related to the shape.

Step 4: Calculating the Radii
- For the semicircle with diameter P T S:

- The diameter length:
- If T lies between P and S, the diameter’s length is the distance between P and S, which is 21 cm.

- Radius:
- Radius = (length of diameter)/2 = 21/2 = 10.5 cm.

- Similarly, for the semicircle with diameter Q T R:

- Diameter length:
- Between Q and R, which is also 21 cm.

- Radius:
- Same as above, 10.5 cm.

Analyzing the Touching (Tangency) Condition
The key geometric condition is that the two semicircles touch each other.
Types of Tangency

- External tangency: The two semicircles touch at a single point outside both.
- Internal tangency: One semicircle touches the other from inside.



- External to the square: Semicircles are drawn outside the square, touching each other externally.

Given the symmetry and the equal diameters, the most straightforward assumption is that the
semicircles are tangent externally, with their centers separated by the sum of their radii.

Step 5: Find Centers of Semicircles
- Center of semicircle with diameter P T S:

- If the diameter is along side PS (from P(0,0) to S(0,21)), its center is at the midpoint:
(0, 10.5).

- Center of semicircle with diameter Q T R:

- Diameter along side QR from Q(21,0) to R(21,21), center at:
(21, 10.5).

Step 6: Verify the Distance Between Centers

- Distance between centers:

- From (0, 10.5) to (21, 10.5): 21 cm.

- Sum of radii:

-10.5 + 10.5 = 21 cm.

- Since the distance between centers equals the sum of radii, the semicircles are externally tangent.

This confirms the semicircles are touching externally at a single point along the line connecting their
centers.

Finalizing the Geometric Relationships

The Point of Contact

- The point of tangency lies along the line connecting centers at (0, 10.5) and (21, 10.5).
- The point of contact:

- Located at the midpoint between the centers:
((0+21)/2,10.5) =(10.5, 10.5).

Additional Observations
- The semicircles are constructed on sides adjacent to the square, with centers aligned horizontally.

- The point of contact is directly between the centers along the line y=10.5, which is inside the
square.



Summary of Key Findings

- Square PQRS: sides of 21 cm.
- Semicircles: with diameters on sides PS and QR, centered at (0, 10.5) and (21, 10.5), respectively.
- Touching Semicircles: are tangent externally, with point of contact at (10.5, 10.5).

Additional Insights and Possible Variations
While this analysis describes one plausible configuration, variations could include:

- T being on different sides or edges.
- Semicircles constructed on other segments.
- Different interpretations of the phrase "touching each" (e.g., internally tangent).

To adapt the solution to alternative arrangements, repeat the process with adjusted centers and
distances, ensuring the tangency condition (distance between centers equal to the sum of radii)
holds.

Practical Applications and Related Problems
Understanding such geometric configurations is useful in various fields:

- Design and Engineering: for fitting curved components.

- Mathematics Education: as a teaching example for circle and square properties.

- Competitive Exams: where problem-solving involving tangency and geometric construction is
tested.

Conclusion

In The Following Diagram, PQRS Is A Square Of Sides 21 Cm. PTS And QTR Are Two Semicircles
Touching Each presents an elegant problem that combines basic geometric shapes with the concepts
of tangent circles and coordinate geometry. By systematically assigning coordinates, analyzing the
positions of points and centers, and applying the tangency condition, we arrive at a coherent
understanding of the shape relationships. This approach not only clarifies the specific problem but
also illustrates the general methodology for tackling complex geometric configurations.

Whether for academic purposes or personal curiosity, mastering such problem-solving techniques
enhances geometric intuition and analytical skills, essential tools in the mathematician’s



And Qtr Are Two Semicircles Touching Each
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